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Summary 

Cultured lymphocytes from children with kwashiorkor and from 
normal children were examined for their susceptibility to ultravi- 
olet (UV)-induced chromosome aberrations, sister-chromatid ex- 
changes and cell survival. Cells from kwashiorkor exhibited in- 
creased chromosome aberrations, but not sister-chromatid ex- 
changes, when exposed to higher doses of UV. Furthermore, when 
cells from these patients were exposed to higher doses of UV, 
there was a significant reduction in viability. These results indicate 
that, as compared to normals, cells from kwashiorkor were more 
sensitive to the lethal effects of UV. 

Cytogenetic studies in protein-energy malnutrition (PEM) bave 
revealed increased frequencies of chromosome aberrations (2, 4, 
6, 15) and sister-chromatid exchanges (SCEs) (8). Careful con- 
trolled studies in experimental animals have suggested further that 
protein deficiency per se does elevate chromosome aberration rate 
(13, 16) and SCEs (9). It is of interest to study whether cells from 
PEM with such high "spontaneous" chromosomal lesions are 
more susceptible to chromosomal damage induced by mutagens 
and carcinogens. A study was, therefore, undertaken to examine 
chromosome aberrations, SCEs, and cell viability in cultured 
lymphocytes from kwashiorkor, a severe form of PEM, when 
exposed to ultraviolet (UV) light. 

MATERIALS AND METHODS 

Patients. Six children suffering from kwashiorkor and five nor- 
mal healthy children were investigated. All the children were aged 
between 1-3 years, included both sexes, and conformed to descrip- 
tions given earlier (8). 

Irradiation. Irradiation was done with the help of a Hanovia 
lamp emitting UV light of wavelength predominantly 254 nm. 
Lymphocytes in whole blood were exposed to 0.5, 1.0, 1.5, 2.0, 5.0 
and 10.0 J/m2 of UV in petri dishes. 

Cell-cultures. Blood samples were collected after informed con- 
sent. Lymphocytes in whole blood were cultured in RPMI-1640 
medium, supplemented with 10% heat-inactivated fetal calf serum, 
100 U penicillin/ml and 100/yg streptomycin/ml, 2 mM L-gluta- 
mine and 1% phytohemagglutinin (Wellcome Beckenham, Eng- 
land) (90 pg/ml culture medium). Bromodeoxyuridine (BUdr) at 
a final concentration of lO/ymoles (3 pg/ml) was added to all the 
cultures for 52 h in control and UV-treated normal and kwashi- 
orkor cells and incubated in the dark at 37OC. Colchicine (0.05 
yg/ml) was added during the last 2 h of incubation. Metaphase 
preparations were made after hypotonic (0.075 M KC1) and 
fixative (methanol and acetic acid) treatment, as described previ- 
ously (7). Slides were stained with aceto-orcein and structural 

aberrations were classified according to the method of Savage 
(14). The presence of BUdr in culture, at the concentration used, 
did not significantly enhance the frequency of chromosome ab- 
errations in either UV-treated or untreated kwashiorkor and nor- 
mal cultures than it's absence. For analysis of SCEs, chromosome 
preparations were stained with the method of Hoechst-Giemsa 
(12). 

Cell survival. Cell survival was assessed using Trypan Blue dye 
exclusion test. The criteria described by Han et a/.  (5) were used 
to count viable and dead cells. 

RESULTS 

Cell survival. Survival rates for the UV-treated normal and 
kwashiorkor cultures are shown in Table 1. The results indicate 
that at lower doses of UV, the survival values were not different; 
however, with 5 J/m2 and 10 J/m2 of UV, more than 50% of the 
cells were killed in kwashiorkor cultures as against a value of only 
20% in normal cells. 

Chromosome aberrations. Data on the frequencies of chromo- 
some aberrations are presented in Table 1. The "spontaneous" 
chromosome aberrations in cells from kwashiorkor were signifi- 
cantly higher than those in the normal cells. The commonly seen 
aberrations in cells from kwashiorkor were gaps, chromatid 
breaks, and dicentrics. 

Lower doses of UV resulted in only a marginal increase in the 
frequencies of chromosome aberrations in cells from kwashiorkor 
as compared to normals; however, with 5 J/m2 and 10 J/m2 of 
UV, a pronounced increase in aberration rates was observed in 
cells from these patients over the control levels. (significantly 
different at P < 0.001). 

SCEs. The results of SCEs experiment are presented in Table 
1. It can be seen that the mean baseline SCE frequency in cells 
from kwashiorkor was significantly higher than in the normal 
cells. 

UV treatment resulted in a dose-dependent increase in the yield 
of SCEs, the extent of which, however, was not significantly 
different between normals and kwashiorkor. At higher doses of 
UV, second division metaphases were rarer in kwashiorkor cul- 
tures. 

DISCUSSION 

It has long been known that experimental animals with severe 
malnutrition are increasingly susceptible to tumor production 
when exposed to mutagens and carcinogens (3). Such unusual 
"whole animal" sensitivity to environmental mutagens may indi- 
cate cellular defects at the chromosomal level ( I ) .  Because chro- 
mosomes from PEM have high residual levels of chromosome 
damage in the form of chromosome aberrations (2, 4, 6, 13, 15, 
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Table 1. Chromosome aberrations, SCEs and cell survival in normals and kwashiorkor 

Normals (5)' Kwashiorkor (6) 

Uv dose 
J/m2 SCE/cellZ % viable cells SCE/cell No. of aberrations/cell % viable cells No. of aberrations/ 

celP mean + S.E. mean f S.E. mean + S.E. mean f S.E. mean f S.E. mean + S.E. 

Values in parenthesis indicate the number of subjects studied. 
25 second-division cells were scored per subject, unless otherwise stated. 
At least 100 cells were scored per subject. Aberrations scored include both chromatid-type and chromosome-type. Classification was made as 
described by Savage (14). 
Based on three cells only. 

"0 second-division cells. 
" Significantly different from controls; p < 0.05 by Student's t-test. 
' Significantly different from controls; p < 0.01 by Student's t-test. 
"Significantly different from controls; p < 0.001 by Student's t-test. 

16) and SCEs (8, 9), a study on the behaviour of these chromo- 
somes when exposed to UV a well known physical mutagen, 
becomes meaningful. 

Cells from kwashiorkor exhibited significantly higher back- 
ground chromosome aberrations. A similar result was evident in 
some published data (2, 4, 6, 15). Similarly, the baseline SCEs 
levels were higher in cells from these patients as reported in our 
previous study (8). This, however, is in contrast to the data of 
Mutchinick et al. (1 1) who found no difference in SCE frequency 
between normals and malnourished children. Our finding of a 
consistent, marginal yet significant increase in SCEs in cells from 
kwashiorkor was evident in all our experiments and in all our 
repeat studies on the same kwashiorkor children. 

UV-induced chromosome aberrations were more common in 
cells from kwashiorkor, particularly at  higher doses of UV. This 
was associated with a marked reduction in the number of viable 
cells. In addition, second-division cells were rarer in kwashiorkor 
cultures with 5 ~ / m ~  and 10 ~ / m ~  of UV. This may suggest that 
cells from kwashiorkor with increased UV-induced chromosome 
aberrations do not survive and thus cannot enter into the next cell- 
division under high doses of UV. 

Increased incidence of UV-induced chromosome aberrations in 
cells from kwashiorkor was not associated with a rise in the 
frequencies of SCEs. This supports the idea that the underlying 
mechanisms of origin of chromosome aberration and SCEs are 
different (17). 

Increased frequencies of chromosome aberrations in UV-treated 
kwashiorkor cells reported here, may not be due to a defective 
DNA repair, because our own study (10) of UV-induced unsched- 
uled DNA synthesis in lymphocytes from kwashiorkor has sug- 
gested that these calls are efficient in repairing UV-induced le- 
sions. Further studies on induced mutagenesis and DNA repair in 
pure isolated lymphocytes and fibroblasts from children with 
kwashiorkor would be warranted. 
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